Placenta previa is often associated with preterm delivery, reduced birth weight, a higher frequency of placental accreta and postpartum haemorrhage, and increased likelihood of blood transfusion. The present study aimed to examine the expression of high mobility group box protein 1 (HMGB1) in the placenta of women with or without placenta previa. The study group consisted of placental tissues obtained from women with or without placenta previa. The expression levels of HMGB1 and vascular endothelial growth factor (VEGF) were evaluated in the placental tissues using reverse transcription-quantitative polymerase chain reaction, western blotting and immunohistochemistry. The mRNA expression levels of HMGB1 and VEGF were significantly increased in the placenta previa group compared with in the normal group. In addition, the placenta previa group exhibited increased HMGB1 and VEGF staining in vascular endothelial cells and trophoblasts. There were no significant differences in the expression of HMGB1 or VEGF between groups with or without placenta accreta or postpartum haemorrhage. The present study hypothesised that the increased expression of HMGB1 in the placenta may be associated with the pathogenesis of placenta previa by regulating the expression of the proangiogenic factor VEGF.
Introduction
Placenta previa is a complication that occurs during pregnancy in which the placenta is partially or wholly attached to the lower uterine segment (1) . Placenta previa is a leading cause of antepartum haemorrhage. Due to the rising incidence of caesarean section births, along side increasing maternal age, the number of cases of placenta previa, and its complications, which include placenta accreta and postpartum haemorrhage, are expected to increase (2) . Placenta accreta is an obstetric complication in which the placental trophoblast invades the endometrium beyond Nitabuch's layer, as a result of a defect in the decidua basalis (3) . If the placenta attaches itself even more deeply into the muscle wall of uterus, it will lead to placenta increta. The major morbidity associated with this abnormal placentation is caused by the significant blood loss that occurs during labour, resulting in a longer maternal hospital stay and blood transfusion treatment (4) . Risk factors for placenta previa include previous caesarean section delivery, grand multiparity and recurrent miscarriage (5) . Although the risk factors for placenta previa are well defined, much less is known regarding its aetiology and underlying molecular mechanisms.
Damage to the endometrium or myometrial uterine lining during abortion or cesarean delivery may significantly damage the endometrium and lead to inflammation, which increases the risk for placenta previa (6) . In addition to the classic theory of inflammatory injury, abnormal angiogenesis has recently been considered a novel mechanism underlying placenta previa (7) . Data derived from animal and human studies demonstrate that various regulatory molecules serve functional roles in controlling trophoblast invasion and placental angiogenesis (8) . As an inflammatory cytokine, the effects of high mobility group box protein 1 (HMGB1) on inflammation, tumourigenesis (9) and pregnancy (10) have been defined. Throughout gestation growth factors such as vascular endothelial growth factor (VEGF) are abundantly secreted from diverse cell types of the fetal-maternal interface and were shown to promote proliferation, adhesion and/or invasion (11) . The present study aimed to investigate the expression levels of HMGB1 in the placenta, in order to explore the possible mechanisms underlying placenta previa.
Materials and methods
Study population. The present study was conducted between November 2014 and January 2015. A total of 37 women without other medical and surgical diseases were recruited to
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the present study at the Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine (Shanghai, China). A total of 22 women had normal term pregnancies, whereas 15 women suffered from placenta previa. In the placenta previa group, 7 women also suffered from placenta accreta and 9 suffered from postpartum haemorrhage. All of the 37 women underwent elective caesarean section. There were no significant differences in age between women in the healthy and placenta previa groups. Written informed consent was obtained from all patients. All experiments, including any relevant details, were approved in advance by the Ethics Committee of the Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine, and were performed in accordance with relevant guidelines and regulations.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). As soon as the placenta peeled from the uterine in the caesarean section, samples were harvested from the parental placenta around the umbilical cordunder sterile conditions, rinsed by sterile saline, wiped with a gauze, treated with liquid nitrogen and stored in 80˚C. Total RNA was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and cDNA was synthesised from total RNA using the mRNA 1st strand cDNA synthesis kit (BioTNT, Inc., Shanghai, China), according to the manufacturer's protocol. Template cDNA was subjected to PCR amplification using gene-specific sense and antisense primers, which were all designed by BioTNT via Primer 5.0 software, and synthetized by Invitrogen; Thermo Fisher Scientific, Inc. (Table I) . Reactions contained 1 µl cDNA template, 2 µl forward primers, 2 µl reverse primer; and 10 µl PCR Premix (BioTNT, Inc.) in a total volume of 20 µl. RT-qPCR thermocycling conditions were as follows: Initial denaturation at 95˚C for 5 min, followed by 40 cycles of denaturation at 95˚C for 5 sec, annealing and extension at 60˚C for 30 sec. The expression levels of each gene were standardised against the housekeeping gene β-actin. mRNA expression levels were expressed as a ratio, using the 2 -ΔΔCq method for comparing the relative expression results (12) .
Western blot analysis. Frozen samples were homogenized in liquid nitrogen. Protein extracts were prepared by 1:1 dilution of the initial homogenate with radioimmunoprecipitation assay buffer (Wuhan Boster Biological Technology, Ltd., Wuhan, China) in the presence of protease inhibitors and extracted by ultracentrifugation. The bicinchoninic acid assay (Pierce; Thermo Fisher Scientific, Inc.) was used for protein quantitation. A total of 20 µg protein for each sample was loaded and separated by 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis, and were subsequently transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA) in blotting buffer (25 mM Tris, 150 mM glycine and 20% methanol) for 2 h at room temperature. After blocking with 5% skimmed milk in PBS for 1 h at room temperature, the membranes were then incubated with anti-human HMGB1 rabbit immunoglobulin (Ig)G antibody (catalog no. ab79823; 1:1,000; Abcam, Cambridge, MA, USA) or anti-human (VEGF) rabbit IgG antibody (catalog no. ab46154; 1:1,000; Abcam) at 4˚C overnight. Anti-β-actin (catalog no. 4970; 1:3,000; Cell Signaling Technology, Inc., Danvers, MA, USA) was used as an internal control. The membranes were further incubated for 1 h at room temperature with peroxidase-labelled secondary antibodies (catalog no. sc-2004; 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA). The bands were detected using an enhanced chemiluminescence system (Pierce; Thermo Fisher Scientific, Inc.). The protein bands for HMGB1 or VEGF were semi-quantified and normalised to the control band using ImageQuant LAS 4000 (GE Healthcare Life Sciences, Chalfont, UK).
Immunohistochemistry. Placental tissues were fixed with 10% formalin for 24 h, embedded with paraffin and sliced continuously to sections of 4 mm. Slides were preheated at 70˚Cfor 1 h prior to deparaffinization and rehydration with ethanol. Antigen retrieval was performed in citrate buffer at 95˚C for 15 min. For detection of HMGB1 expression, the slides were incubated with anti-HMGB1 antibody-ChIP Grade (catalog no. ab18256, 1:100; Abcam) in 5% bovine serum albumin (Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) for 45 min at room temperature, and were then incubated with horseradish peroxidase-coupled to streptavidin-conjugated secondary antibody (catalog no. sc-2004; 1:1,000; Santa Cruz Biotechnology, Inc.) for 30 min at room temperature. Slides stained without the primary antibody were used as negative controls. The resulting signal was developed with diaminobenzidine (Sigma-Aldrich, Merck KGaA), according to the manufacturer's protocol, and the sections were counter stained with Mayer's haematoxylin. Staining for VEGF (catalog no. ab46154; 1:1,000; Abcam) was performed using the some staining protocol.
Evaluation of immunohistochemistry. The evaluated sections spanned the whole placental tissue, from the fetal membranes to the decidual plate. Trophoblasts, mesenchymal cells, and villous vascular endothelial cells from the stem villous, mature intermediate villous and terminal villous, were evaluated.
A semi-quantitative scale was used to evaluate HMGB1 and VEGF staining, as follows: Stain intensity was scored between 0 and 3 (0, no staining; 1, weak but detectable; 2, moderate or distinct; 3, intense) and was multiplied by the average percentage of positive staining, which was scored between 0 and 4 (0, no positive cells; 1, 0-25% positive cells; 2, 26-50% positive cells; 3, 51-75% positive cells; 4, 76-100% positive cells) (13, 14) . In each slide, five areas were evaluated under a microscope (x400 original magnification). Evaluation of immunohistochemistry was performed blindly by three independent investigators and the average score was used. The results were assessed by a pathologist under a light microscope. The agreement between the different investigators was >90%.
Statistical analysis. Each experiment was repeated three times independently. Results from each independent experiment were expressed as the mean ± standard deviation. Analysis of enumeration data was performed using Pearson χ 2 test. Measurement data were assessed by independent-samples t-test. Statistical analysis of immunohistochemistry results was performed with the Mann-Whitney U-test. Statistical analyses were conducted using SPSS 19.0 statistical software (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of the enrolled women. The demographic, clinical and pregnancy outcome characteristics of 37 women are presented in Table II . Women with placenta previa had a significantly increased history of abortion and caesarean section births, both of which are known risk factors for placenta previa. Compared with the control group, women in the placenta previa group delivered at an earlier gestational age and gave birth to babies of a lower birth weight. Women with placenta previa had a higher frequency of placental accrete, thus resulting in more cases of postpartum haemorrhage and blood transfusion.
mRNA expression levels of HMGB1 and VEGF. The mRNA expression levels of HMGB1 and VEGF were analysed by RT-qPCR. The mRNA expression levels of HMGB1 and VEGF in the placenta previa group were significantly higher compared with in the normal group (Fig. 1 ). In the placenta previa group, there were no significant differences in HMGB1 and VEGF mRNA expression between groups with or without placenta accreta, or between groups with or without postpartum haemorrhage.
Protein expression levels of HMGB1 and VEGF. Protein expression was measured by western blotting. The protein expression levels of HMGB1 in the placenta previa group were significantly increased compared with in the normal group (Fig. 2) . These findings were similar to the results of the RT-qPCR analysis. In addition, VEGF protein expression levels were higher in the placenta previa group compared with in the normal group; however, this finding was not statistically significant. In the placenta previa group, there were no significant differences in the protein expression levels of HMGB1 and VEGF between groups with or without placenta accreta, or between groups with or without postpartum haemorrhage.
Histological and immunohistochemical examination of HMGB1 in placental tissue. HMGB1 and VEGF protein expression was detected in placental tissue using immunohistochemistry (Fig. 3) . The present study detected strong nuclear expression of HMGB1 in vascular endothelial cells and mesenchymal cells from the placenta of women who had normal pregnancies. Immunohistochemical staining also revealed that HMGB1 was slightly expressed in the placental syncytiotrophoblast and cytotrophoblastnuclei. In the placenta previa group homogeneous cytoplasmic expression of HMGB1 was detected in vascular endothelial cells and mesenchymal cells (Fig. 3A) . Furthermore, in the placenta previa group increased HMGB1 staining was observed in vascular endothelial cells covering the peripheral chorionic villi, compared with in the normal group. In mesenchymal cells, there was a significant trend toward a higher mean staining intensity in the placenta previa group. The HMGB1 staining score also differed in trophoblast cells between the placenta previa and normal groups. To investigate if HMGB1 is associated with the depth of placental invasion and postpartum haemorrhage, the present study divided the placenta previa group into placenta accreta and control groups. There was no significant difference between the placenta accreta and control groups. Similarly, 0 (0) 0 (0) N/A the placenta previa group was divided into the postpartum haemorrhage and control groups; no statistically significant difference was detected between these two groups (Fig. 4 ).
Histological and immunohistochemical examination of VEGF in placental tissue. VEGF was strongly and consistently expressed in trophoblasts and vascular endothelial cells covering the peripheral chorionic villi, predominantly in the cytoplasm of syncytiotrophoblasts and cytotrophoblasts, in both placenta previa and normal placental samples (Fig. 3B ).
According to the VEGF staining scores there were significant differences in VEGF expression in the villous trophoblasts and vascular endothelial cells of the terminal villi between the placenta previa and normal groups. As aforementioned, the placenta previa group was divided into placenta accreta and control groups; there were no significant differences in VEGF expression between these two groups. In addition, VEGF expression was not associated with postpartum haemorrhage (Fig. 4 ).
Discussion
Placenta previa is often associated with preterm delivery, reduced birth weight, a higher frequency of placental accreta and postpartum haemorrhage, and an increased likelihood of blood transfusion treatment. Considerable rates of maternal and fetal morbidity and mortality are associated with placenta previa; therefore, placenta previa is associated with a high demand for health care resources. A previous study regarding placenta previa focused on clinical epidemiology, ultrasonic prediction and vascular characteristics of the maternal-fetal interface, using digital technology (3) . Research regarding the underlying molecular mechanisms of placenta previa is relatively rare. In recent years, studies into the molecular Figure 1 . HMGB1 and VEGF mRNA expression levels, as detected by RT-qPCR. RT-qPCR revealed that the relative mRNA expression levels of HMGB1 and VEGF were increased in the PP group compared with in the N group. * P<0.05 vs. the N group. The relative levels of HMGB1 and VEGF mRNA were not significantly different between groups with or without PA, or between groups with or without PPH. PP, placenta previa; N, normal; PA, placenta accreta; PPH, postpartum haemorrhage; C, control; HMGB1, high mobility group box protein 1; VEGF, vascular endothelial growth factor. regulation of trophoblast cell infiltration and placental angiogenesis have garnered attention.
HMGB1 is constitutively and abundantly expressed in almost every eukaryotic cell type (15) . HMGB1 is able to vs. the N group. The protein expression levels of VEGF were not significantly different between the PP and N groups. HMGB1 and VEGF protein expression levels were not significantly different between groups with or without PA, or between groups with or without PPH. PP, placenta previa; N, normal; PA, placenta accreta; PPH, postpartum haemorrhage; C, control; HMGB1, high mobility group box protein 1; VEGF, vascular endothelial growth factor. promote tumour cell migration (16) and has been hypothesised to be a potent cytokine mediating the late response to infection, injury and inflammation (17) (18) (19) (20) .
Since labour is an inflammatory-like process, HMGB1 may also be involved in embryogenesis and the process of pregnancy (21) . Therefore, it may be hypothesised that there is a difference in the placental expression of HMGB1 between normal pregnancies and pregnancies complicated by intrauterine infection (22) . Wang et al (10) investigated HMGB1 was expressed highly in preeclamptic placental tissue, which is a pregnancy-related complication characterised by poor placentation resulting in hypoxic placental conditions and an increased inflammatory response.
Based on the pathogenesis of inflammatory injury and angiogenesis of placenta previa, the present study hypothesised that HMGB1 may promote the occurrence of placenta previa. Therefore, the study aimed to determine the expression levels ofHMGB1 in placental tissues from women with or without placenta previa. The results confirmed that the mRNA expression levels of HMGB1 in the placenta were markedly higher in the placenta previa group compared with in the control group, as determined by RT-qPCR. In addition, the protein expression levels of HMGB1 were detected by western blotting; similarly, HMGB1 protein levels were increased in the placenta previa group. These findings suggested that HMGB1 may be associated with the emergence and progression of placenta previa.
PCR and western blotting were used to determine the mRNA and protein expression levels of HMGB1 in whole placental tissue samples. To determine if there were differences among the various cell types, immunohistochemistry was conducted. Understanding the location of HMGB1 expression may provide the basis for the selection of cell types in further cell function studies. As expected, in addition to strong nuclear HMGB1 expression in almost all cells in the studied placentas, an individual variation in cytoplasmic HMGB1 expression was detected in trophoblasts and vascular endothelial cells. Specifically, a higher cytoplasmic expression of HMGB1 was detected in trophoblasts and vascular endothelial cells from placenta previa placentas compared with in placentas from women with healthy pregnancies. The intracellular abundance of HMGB1 and its proinflammatory activities suggested that its release/secretion at tissue damage sites may serve an important role during inflammatory and immune responses (23) . A previous study (24) demonstrated notable cytokine-like roles for extracellular HMGB1. Extracellular HMGB1 regulates cytokine expression and induces inflammatory cell recruitment. Furthermore, HMGB1 may stimulate migration of adherent cells, such as fibroblasts and smooth muscle cells (25) . Therefore, extracellular HMGB1 may be regarded as a tissue injury signal and an inflammatory mediator. These findings suggested that, as a proinflammatory cytokine, HMGB1 may be secreted to the extracellular matrix, participate in the inflammatory response and prompt the progression of placenta previa.
The immunohistochemistry results demonstrated that HMGB1 expression was markedly increased in villous vascular endothelial cells and mesenchymal cells in the placenta previa group. These results indicated that HMGB1 may have a relevant role in angiogenesis. According to the theory of embryonic development, villous vascular endothelial cells and mesenchymal cells originate from the mesenchymal cells of embryonic mesoderm, and then differentiate into vascular and connective tissues, alongside development of the placental villus. Therefore, protein expression is always relatively consistent in these cells. This was confirmed in the results of the present study, which demonstrated that HMGB1 expression was higher in villous vascular endothelial cells and mesenchymal cells than in trophoblast, whereas the opposite was observed for expression of VEGF. Due to the importance of neovascularization at the site of injured tissue, where blood flow restoration is often required for the initiation of an immune response to pathogens and for subsequent successful wound repair (26) , the capacity of extracellular HMGB1 to exert a potent angiogenic activity strengthens the importance of HMGB1 as a cytokine. The immunohistochemistry results may also indicate that HMGB1 exerts a prominent role in numerous processes of specific interest for the placenta, such as angiogenesis, in addition to its potent proinflammatory capacities.
Given its cytokine features, a previous study investigated the capacity of HMGB1 to modulate the various steps of angiogenesis in vitro, and examined its proangiogenic activity in vivo (27) . In the ischemic muscle of diabetic mice, HMGB1 administration restored blood flow recovery and capillary density; this process was associated with the increased expression of VEGF, whereas HMGB1-induced angiogenesis was significantly reduced following suppression of VEGF activity (28) . In addition, patients with non-small cell lung cancer have been reported to possess a higher serum concentration of HMGB1 and VEGF (29, 30) . In oesophageal squamous cell carcinoma, HMGB1 was highly expressed and affected the prognosis of patients via regulation of VEGF-C expression, which promoted lymph angiogenesis and lymph node metastasis (30) . In a previous study regarding preeclampsia, it was suggested that the tendency towards a higher expression of HMGB1 in preeclamptic placentas may be a result of hypoxia, and may be considered a compensatory mechanism for the Figure 4 . Staining scores of immunohistochemistry results. HMGB1 staining was increased in vascular endothelial cells, mesenchymal cells and trophoblast cells in the placenta previa groups compared with in the normal group. VEGF staining was increased in villous trophoblasts and vascular endothelial cells of the terminal villi in the placenta previa group compared with in the normal group. * P<0.05 vs. the normal group. No statistically significant differences in HMGB1 and VEGF staining were detected between the placenta accreta group and the control group, or between the postpartum haemorrhage group and the control group. placenta to attempt to increase vascularization (31) . Due to the findings of these previous studies and the similarities between placental angiogenesis and tumour growth, HMGB1 may be considered to serve an important role in placentation; however, this remains to be investigated.
Although the cause of placenta previa remains unknown, growing evidence has suggested that an imbalance between pro-and anti-angiogenic factors may have a fundamental role in its pathogenesis. Therefore, it was hypothesised that HMGB1 may regulate placental angiogenesis in placenta previa through the expression of VEGF. In the present study, the expression levels of VEGF were detected in placental samples from women with placenta previa by RT-qPCR and western blot analysis. The results indicated that the mRNA expression levels of VEGF were significantly higher in placental tissue from the placenta previa group, whereas there was no significant difference in the protein expression of VEGF between the placenta previa and normal groups. This may be due to the limited sample numbers in the present study. Subsequently, immunohistochemical staining was used to locate VEGF protein expression. A strong cytoplasmic VEGF expression was detected in villous trophoblasts and vascular endothelial cells, particularly in trophoblasts. Furthermore, VEGF expression was significantly increased in the placenta previa group. This finding is in accordance with the theory that VEGF regulates trophoblast invasion through autocrine modes of action, and promotes placental vascularization in a paracrine manner (32) .
Placenta accreta is associated with a highly regulated inflammatory-like response and vascularization. Size and spatial organization of the placenta-increta vascular architecture at the placental-maternal interface differs from normal and may partially explain the severe haemorrhage observed during delivery of placenta-increta (7) . Since HMGB1 is a potent inflammatory and proangiogenic cytokine, the present study aimed to investigate placental HMGB1 expression in relation to placenta accreta and postpartum haemorrhage. The placenta previa group was divided into placenta accrete and postpartum haemorrhage groups. However, there were no differences in the expression of HMGB1 and VEGF in the placenta accreta/postpartum haemorrhage groups compared with in the control placenta previa group. These results suggested that placental angiogenesis may have a role in placenta increta, where the placenta attaches itself even more deeply into the muscle wall of uterus, rather than in placenta accreta. However, these negative findings may be associated with the limited sample numbers.
In conclusion, the present study demonstrated that HMGB1 may participate in the progression of placenta previa, not only through its role as a proinflammatory cytokine but also as a proangiogenic cytokine. However, the precise role of HMGB1 in placenta previa and the underlying molecular mechanisms remain to be elucidated. In addition, the signalling pathways through which HMGB1 mediates VEGF expression in placenta previa require further study.
